The University of Hawaii's protea breeding program has initiated studies to develop warm-temperature tolerant Leucospermum (pincushion) hybrids for commercial production as cut flowers or potted plants. Such hybrids would enable Hawaii's protea industry to expand to low elevations where agricultural land is abundant due to the decline of sugar plantations. In this preliminary investigation, pincushion species and hybrids were field-or pot-grown at two sites close to sea level on the island of Maui. Mean temperatures at treatment sites were 6.5˚C higher than at the control site in the usual protea production area (930m elevation). All pincushions flowered normally at the high elevation site. Five of the six species and 18 of the 38 hybrids tested flowered at one or both low elevation sites. Some hybrids displayed foliar and stem disorders at low elevation sites but these foliar responses were not correlated with failure to flower. Data linking species composition of hybrids with their ability to flower at warm temperatures are inconclusive; however, the influence of taxonomic sections is more recognizable. Five of seven hybrids (71.4%) with 50% or more influence from species in the section Cardinistylus flowered at low elevation, while only one of eight hybrids (12.5%) with 50% or more influence from species in the section Crassicaudex flowered. Leucospermum 'Spider' and three of its four progeny tested flowered at low elevation. These trends suggest opportunities for future breeding for warm-temperature tolerance in pincushions.
the Mediterranean-type regions where most commercial Proteaceae are grown (Percival et al., 2001) . The apparent broad climatic range of this species provided the impetus for evaluating L. saxosum and some of its hybrids, as well as an assortment of other genotypes, at two low-elevation warm-temperature sites on Maui, Hawaii.
In his review of Leucospermum flower physiology, Criley (1998) cites several authors who have found that high light intensities during the vegetative growth phase prior to short days are required for flower initiation (Jacobs and Minnaar, 1980; Napier and Jacobs, 1989; Criley et al., 1990) . Napier (1985) reported that a decrease in leaf starch was associated with a diminished capacity to form flowers. Since day length is the same at high and low elevations in Hawaii, the ability of Leucospermum to flower at low elevations, where carbohydrate accumulation may be challenged by high respiration rates, may be associated with starch accumulation.
The purpose of these trials was to screen Leucospermum species and hybrids for their ability to flower at two warm-temperature, low-elevation sites in Hawaii, and to identify their potential in breeding hybrids for use as "tropical" cutflower and potted plant cultivars.
MATERIALS AND METHODS
Two plants each of six species, L. praecox and L. saxosum (five selections) , and 38 hybrids were grown for a two-year period as control plants at the 930m elevation Maui Agriculture Research Center (MARC) (20° 46' N/156° 19' W) in Kula, Maui, the commercial protea cultivation belt in Hawaii. All plants were field-grown and two species and 15 hybrids were pot-grown at Kula. Two plants of all species and 32 hybrids were pot-grown at the near sea level (ca. 15m) University of Hawaii Maui (UHM) campus in Kahului, and individual plants of four species and 18 hybrids were field-grown at the ca. 90m Maui Tropical Plantation (MTP) in central Maui. Tables 2 and 3 indicate the pot-or fieldgrown status of the various cultivars at the three locations.
For potted plant trials and controls, plants of about 20 to 25cm height and about 18 to 20 months from cutting propagation were established in 15cm pots containing synthetic medium (2:1:1 vol.: volcanic cinder, peat, perlite) at MARC prior to the trial. All plants were free of buds or flowers at the start of the trial, and were monitored for approximately 18 months. For field trials, plants of similar size and age were planted directly in field plots. Irrigation, nutrition and pest management followed established commercial practices. Data on plant height and spread were recorded biweekly for species L. mundii and L. oleifolium and six hybrids (L. 'Tango', 79, 100, 118, 129, 129, 144) grown as potted plants at Kula and at the UHM low-elevation site from January, 2001 to through May 2002. Table 1 provides temperature data for the Kahului Airport (15m), the weather station nearest the UHM site (1.5 km away, same elevation), and the Kula site (weather station at MARC). Temperatures at the MTP site are assumed to be similar or only slightly cooler than at the UHM site. Temperatures are about 6.2°C to 6.5°C warmer at the low elevation sites than at Kula (Table 1) .
RESULTS AND DISCUSSION

Flowering at Warm Temperatures
All six species and all 38 hybrids tested grew and flowered normally as field-or pot-grown plants at the 930m elevation site in Kula (Tables 2 and 3 ). As potted plants L. muirii, L. mundii, and L. oleifolium flowered normally at UHM (15m). These species have clusters of "miniature" flowers and are not in the background of the 38 hybrids tested for warm-temperature tolerance, but they have potential as potted ornamentals. One of five selections of L. cuneiforme and two of five selections of L. saxosum flowered at UHM. L. praecox did not flower at UHM. As field grown plants at MTP (90m), all four species tested, L. cuneiforme, L. muirii, L. oleifolium, and L. saxosum, did not flower (Table 2 ).
Thirteen hybrids were tested at both low-elevation sites and 25 hybrids were tested at one or the other low elevation site. Hybrids 74, 79, 100 and 155 flowered at both sites. Hybrids 29, 49 and L. 'Spider' flowered at the MTP site but not at the UHM site. Five hybrids did not flower at either low elevation site. At the 90m MTP site, Hybrids 24, 179, 183 and 24 × 57 flowered and two other hybrids did not. At the 15m UHM site, Hybrids 118, 131, 144, 164, 181, 192 and L. 'Tango', flowered while 13 other hybrids did not (Table 3 ). In general, hybrids flowering at low elevations had fewer and smaller flowers than control plants grown at the Kula high elevation site (data not shown). In the case of L. 'Tango', floral deformities were noted at the low elevation sites. Hybrid 192 was exceptional in that flower size and number did not appear to be greatly affected by low elevation conditions.
Species and Sectional Influence
Percentages of species genomes in hybrids are arithmetically derived (Table 4 ) and are somewhat arbitrary, since it is not possible without DNA analysis to determine the influence of artificial selection for desired characteristics on the resulting species genome composition of the hybrids. This is particularly true for advanced hybrids where multiple species and several generations of breeding and selection are involved. However, in our attempt to identify contributions of species that promote or allow flowering at warm temperatures, we used the criterion of 50% species influence. All hybrids with 50% influence from
or L. praecox (1) flowered at one or both of the low elevation sites. Four of seven hybrids with 50% L. glabrum influence flowered at one or both low elevation sites (Table 4) . These ancestral species may have promoted or allowed flowering at warm temperatures. All hybrids (5) with 50% influence of L. cuneiforme and all hybrids (5) with 50% L. conocarpodendron influence did not flower at the low-elevation sites. Two of three hybrids with 50% or more influence from L. cordifolium, L. reflexum or L. saxosum did not flower at the low-elevation sites. Hybrids 79, 131, 164, 179, 181 and 24 × 57 flowered at one or both low elevation sites, but have less than 50% influence of any one species (Table 4) . These data are not conclusive for species influence on flowering at warm temperatures, although the data for L. grandiflorum hybrids suggests that this species may be useful in breeding for warm-temperature tolerance.
Another way to view the data is by percentage of sectional influence on the hybrids. A taxonomic section comprises species with floral structures more similar to each other than to species in other sections, suggesting a closer genetic relationship. The 12 species in the genealogy of the 38 hybrids are placed into five taxonomic sections within the genus (Rebelo, 1995) (Table 5 Five of seven hybrids (71.4%) with 50% or more influence from species in the section Cardinistylus flowered, and nine of 15 hybrids (60.0%) with 50% or more influence from species in the section Brevifilamentum flowered. Only five of 16 hybrids (31.3%) with 50% or more influence from species in the section Conocarpodendron flowered, and only one of eight hybrids (12.5%) with 50% or more influence from species in the section Crassicaudex flowered. That plant, Hybrid 192, is the only plant with a parent from the section Tumiditubus (Table 5 ). These data are also inconclusive but suggest that species in the section Cardinistylus may be useful in breeding for warmtemperature tolerance.
The hypothesis that L. saxosum might be the key species in developing hybrids with warm-temperature tolerance is not largely supported, nor is it excluded by the data. Two of five clones of L. saxosum flowered at one low-elevation site, and one of three hybrids with a L. saxosum parent flowered at a low-elevation site. Hybrid 192 (L. saxosum × L. praecox) is in flower every month of the year at Kula. We therefore speculated it might not require cool temperatures for flowering. It did flower normally at UHM. Its parent L. praecox did not flower at UHM, suggesting that its other parent, L. saxosum, provided the ability to flower in a warm location. More testing of selections and hybrids of L. saxosum needs to be done.
Plant Growth and Foliar Disorders
Leucospermum cultivars showed distinctly different growth and flowering responses at the warm-temperature low-elevation sites. For the two species and six hybrids evaluated, pooled mean percent increases in plant height were similar at the high and low elevation sites; 53.7% at Kula (range 11 to 124%) and 55.6% at UHM (range 35 to 86%). For spreading growth, plants at Kula increased 152.5% (range 40 to 313%) while plants at UHM increased 107.1% (range 42 to 185%).
Foliar disorders, such as chlorosis and leaf-burn, and weak stem growth occurred on several hybrids grown as potted plants at UHM. Potted plants grown at Kula did not show these disorders. At MTP, where field-grown plants grew to larger sizes than the potted plants at UHM, extremes in growth habit were obvious on some hybrids. For example, Hybrids 29, 79 and 24 × 57 were very low growing with sprawling stems that lacked the structural strength to grow upright (Fig. 1) . Despite the poor plant architecture, these plants flowered at the MTP site. In field plantings at Kula, these hybrids had stems with typical upright orientation and normal flowering. Field-grown L. saxosum and L. 'Cloud Bank' grew normally at MTP as they did at Kula, but did not flower at the lower elevation. Flowering and plant growth responses to low elevations appear to be independently controlled. Further research is needed to quantify the floral and foliar reactions to low elevation and determine if they are heritable characteristics associated with particular species.
Phytophthora Disease and Warm-Temperature Tolerance
Phytophthora cinnamomi (Pc) appears to be more virulent on Leucospermum under warm conditions (Nakao, unpublished) . When 40 Leucospermum hybrids were screened for sensitivity to inoculation with Pc, 20 hybrids were apparently unaffected, or tolerant, to Pc . Among these tolerant hybrids, L. 'Spider', L. 'Tango', and Hybrids 100 and 131 flowered at one or both low-elevation sites. Plants that combine warm-temperature tolerance and Pc tolerance may be particularly useful in breeding for commercial cultivars with warm-temperature tolerance. Three hybrids in this trial are first-generation progeny of L. 'Spider', including Hybrids 100 and 131. Hybrid 129, the other first generation 'Spider' hybrid, was grown as a potted plant at UHM and did not flower. A second-generation descendant from L. 'Spider', No. 164, flowered at UHM (this plant was not tested for Pc tolerance). Given the potential heritability of warmtemperature tolerance and Pc tolerance from L. 'Spider', we will backcross its progeny, Hybrids 100, 131 and 164, to L. 'Spider' and the seedlings will be grown for selection at a low-elevation site.
CONCLUSIONS
Leucospermum species with "miniature" type flowers (L. oleifolium, L. mundii, and L. muirii) appear to flower normally at low elevations and appear to be tolerate to warm temperature conditions. Among the species in the backgrounds of hybrids tested for warm-temperature tolerance, only one of five clones of L cuneiforme and two of five clones of L. saxosum flowered under warm conditions. L. praecox did not flower under warm conditions, although its only offspring tested, Hybrid 192, did. Among 38 hybrids test-grown at one or two low-elevation sites, 18 flowered. Foliar disorders and irregular growth habits at low-elevations were displayed by several hybrids. These characteristics are apparently unrelated to the ability to flower at warm temperatures. The performance of L. 'Spider' and three of its four progeny are noteworthy for their flowering and normal growth at low-elevations. These plants may be particularly useful in breeding for warmtemperature tolerance. The results of these screening trials are inconclusive, but suggest avenues for future research and breeding. 
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